The polymer matrix effect on the photochromic reactions of spirooxazines was investigated. Four polymers of different polarity, poly(vinyl butyral), polystyrene, styrene/ allyl alcohol copolymer, and 1,2-polybutadiene were used as matrices. In the polar matrices, absorption 
Introduction
Photochromic materials, which change their colors reversibly due to exposure to light, have been studied since over 100 years ago. In spite of such very long historical background, only one example of practically acceptable application was silver halides for photochromic inorganic glass in 1960's. In 1980's, much attention has been focused on photochromic materials because of an importance of the application to photo-recording media. And also, photochromic lenses or filters still have been essential uses. Required properties for the photochromic lenses and filters are that photo-coloration and thermal-decoloration reactions progress fast and much different from those for photo-recording materials.
Many kinds of photochromic compounds are known, especially spirooxazines indicate quick response to light and have good fatigue resistance. [ 1 ] Recently, plastic photochromic lenses containing spirooxazines have become commercially available. [2] However, photochromic behavior of spirooxazine in polymers is much different from that in solution and haven't clarified enough because of their complexity. Two factors can be given as the matrix effect on the photochromic reactions of spirooxazine. The first is the effect on the reaction rates due to restraint of the molecular movements in photochromic reactions. It is known that the J. Photopolym. Sci. Technol., Vol.8, No.1,1995 thermal-decoloration reactions of spirooxazine in polymer proceed in a first-order kinetics above glass transition temperature (Tg) of polymer, but below Tg , the reactions prevent in a first-order kinetics. [3] The second is the effect due to electrostatic interaction between photochromic molecules and polymer. This effect depends on polarity of the polymer, and acts on both absorption spectra and photochromic reaction rates.
In this paper, we investigated the interaction between spirooxazine molecules and matrix polymers. Absorption spectra and reaction rates of spirooxazines in four different polymers were evaluated.
Experimental
Materials Photochromic spirooxazines, 1,3,3-trimethylspiro(indolino-2,3'-[3H] naphth [2,1-b 
oxazine) (SPO-l8) were prepared according to the literature [4] . The synthesized products were purified by silica gel column chromatography. Molecular structure of photochromic compounds used in this study are shown in Fig. 1 . Matrix polymers, polyvinyl butyral) (PVB), polystyrene (PST), styrene/ allyl alcohol copolymer (SAA), and 1,2-polybutadiene (PBD) were purchased commercially, and used as received. Structure of the polymers are illustrated in Fig. I , too. 
Measurement of Photochromic Properties
As samples for evaluation of Photochromic properties, polymer films of 20-60µm thickness containing 1-20wt% of spirooxazines were prepared by solution casting onto glass substrates. A system composed of a Xe-lamp, optical lenses, band-pass filters, a optical fiber, a mirror, a spectrometer with photomultiplier and a personal computer as illustrated in Fig.2 was utilized for measurement of photochromic properties.
The absorption spectra of colored spirooxazines under continuous UV irradiation were defined as the change in absorbance, and measured after achieving the steady state conditions. The photo-coloration and thermal-decoloration rate measurements were performed at room temperatures (ca.20°C).
Results and Discussion
Wavelength of Absorption Maxima ( Amax) Spirooxazines changes their structure by UV irradiation as shown in Scheme 1. The transformation induce their coloration from colorless stable state to colored metastable one between violet to blue. To evaluate the relationship between the photochromic compounds and polymer matrices, we have measured UV-VIS spectra of photochromic films before and after exposure of UV light. UV spectrum of SO-1 in PVB film is shown in Fig. 3 . And VIS spectrum of same film under continuous UV irradiation is shown in Fig. 4 . These spectra correspond to transformation of the structure of photochromic compounds as shown in scheme 1. Wavelength of the absorption ) of UV spectra in different polymer films are summarized in Table 1 .
Scheme I Photochromic
Reaction of Spirooxazine(SO-1) Substituent effect on the spirooxazine structure can be seen from Table 1 in same PVB matrix. SO-1 shows Xmax 612 nm, while SO-M and SO-P have shorter wavelength of Amax 580 nm and 582 nm, respectively. Substition of electron donative piperidino group to oxazine ring(SO-M, SO-P) introduce blue-shift of 2 max comparing to SO-1. SPO-18 has shorter Xmax than that of SO-1.
It can be seen from reduction of aromatic conjugated system at the indoline ring.
Another correlation was recognized between structure of matrix polymers and a'max of spirooxazines. The characteristics of chemical structure of the matrix polymers are given as follows. PVB and SAA are polar polymers possessing hydroxyl group, while PST is an aromatic nonpolar polymer, and PBD is an aliphatic nonpolar polymer. As shown in Table 1 , ~so -1 and ~SO -p were red-shifted in polar polymer like PVB and SAA. Comparing two nonpolar polymer, PST and PBD, ~so -1 and Xso-p were longer wavelength in PST than that in PBD. These effects can be explained by the bathochromic shift effect. That is, polarity of excited states of metastable colored SO-1 and SO-P under UV irradiation is higher than those of ground states. So in polar matrix, absorption wavelength of the spirooxazines are shifted to red. On the other hand, XSPO -18 doesn't depend on the polymers. SPO-18 is only composed of a nonaromatic piperidine ring and oxazine ring. Therefore, such red-shift described above is contributed to an interaction between aromatic indoline ring and matrix polymers. Thermal-decoloration rate, the time films decayed to 50% from the initial irradiation are sumarized in Table 2 . Sci. Technol., Vol. 8, No.1,1995 Also in PST the reactions proceeded fast, but fading rate of the sample of 20% SO-1 decreased comparing to the sample of 2% . It seems to be caused by dispersion of photochromic compound in polymer matrix.
Conclusion
Photochromism of spirooxazines in polymer matrices was investigated. The visible region wavelengths of colored-form of spirooxazines depend on both the structure of spirooxazines and that of matrix polymers. Amax of SO-1 was blue-shifted in PVB by introduction of piperidino group to SO-1 and conversion of indoline-ring of SO-1 to piperidine-ring. Xmax of SO-1 and SO-P depended on polarity of polymers, ~so -1 and DSO-p were red-shifted in polar polymers. SPO-18, without indoline-ring, didn't depend on polarity of polymers. 
